SOLID-STATE IMAGING DEVICE 



RELATED APPLICATION DATA 

The present application claims priority to Japanese 
Application No. P2000-096963 filed March 31, 2000, which 
application is incorporated herein by reference to the 
extent permitted by law. 

BACKGROUND OF THE INVENTION 

The present invention relates to a solid-state 
imaging device, and particularly to a solid-state imaging 
device in which a transistor region excluding a light 
receiving portion and a transfer portion is shielded. 

It is known that an MONOS (Metal Oxide Nitride 
Oxide Semiconductor) gate structure portion in which a 
gate electrode is formed on a silicon substrate via a 
gate insulating film composed of a stack of a silicon 
oxide film, a silicon nitride film, and a silicon oxide 
film is irradiated with ultraviolet rays, electrons in 
silicon migrate in the silicon nitride, whereby a 
threshold voltage Vth of the transistor is shifted. 

In a CCD (Charge Coupled Device) solid-state 
imaging device, each of a light receiving portion and a 
transfer portion has an MONOS gate structure. The MONOS 
gate structure is generally shielded with a metal film 
for suppressing occurrence of the shift of a threshold 
voltage Vth. 

FIG. 4 is a schematic sectional view of a 
configuration of a portion, extending from an output end 
of a horizontal transfer register to an output portion, 
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of a related art solid-state imaging device. 

Referring to FIG. 4, a gate insulating film 120 
having a stack structure of a silicon oxide film 121, a 
silicon nitride film 122, and a silicon oxide film 123 is 
formed on a silicon substrate 111. In a horizontal 
transfer register portion 112 of the solid-state imaging 
device, first transfer electrodes M31 made from 
polysilicon and second transfer electrodes 132 made from 
polysilicon are alternately formed on the gate insulating 
filml20. 

An output portion 113 is formed at the end of the 
horizontal transfer register portion 112. In this output 
portion 113, an output gate 141 and a reset gate 142 are 
formed on the gate insulating film 120. A floating 

diffusion portion (hereinafter, referred to as "FD 
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portion") 143 is formed in a portion, between the output 
gate 141 and the reset gate 142, of the silicon substrate 
111. A reset drain 144 is formed in a portion, on the 
side opposed to the FD portion 143 with respect to the 
reset gate 142, of the silicon substrate 111. 

A planarization film 151 is formed on the silicon 
substrate 111 in such a manner as to cover the above - 
described elements. A FD electrode 145 connected to the 
FD portion 143, and a reset drain electrode 146 connected 
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to the reset drain 144 are formed on the planarization 
film 151. A shield film 155 made from aluminum is formed 
on the planarization film 151 in such a manner as to be 
cover the transfer electrodes 131 and 132. A protective 
film 161 is formed on the planarization film 151 in such 
a manner as to cover the electrodes 145 and 146 and the 
shield film 155. 

In the CCD solid-state imaging device having the 
above configuration, the output gate 141 as the final 
transfer portion of the horizontal register and the reset 
gate 142 are not covered with the shield film. For a CCD 
solid-state imaging device used for a video camera or an 
electronic still camera, however, there does not occur a 
problem associated with the shift of a threshold voltage 
Vth due to irradiation of ultraviolet rays because the 
protective film 161 absorbs the ultraviolet rays. 

However, for a CCD solid-state imaging device of a 
type of givnJng a sensitivity in an ultraviolet region 
having a frequency of, for example, 400 nm or less, since 
the device uses a protective film allowing ultraviolet 
rays to pass therethrough, the ultraviolet rays enter 
gates not shielded by a metal film, for example, an 
output gate and a neset gate. When ultraviolet rays enter 
an output gate and a\reset gate, a threshold voltage Vth 
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is shifted, to cause a problem that the transfer and 
reset of Nelectric charges cannot be performed. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
solid-state imaging device capable of preventing 
ultraviolet rays from entering a region of an MONOS gate 
structure, excluding a light receiving portion and a 
transfer portion, of the solid-state imaging device, 
thereby preventing the shift of a threshold voltage Vth 
and enhancing the reliability of the transfer or reset of 
electric charges. 

To achieve the above object, according to an aspect 
of the present invention, there is provided a solid-state 
imaging deviae having a gate structure including an oxide 
film and a nitVide film, including: upper layer films 
allowing ul tra'Aiolet rays having a frequency of 400 nm or 
less to pass theVethrough ; and a metal made shield film 
formed in such a manner as to cover a region of the gate 
structure including^ an oxide film and a nitride film, 
excluding a light receiving portion and a transfer 
portion, of the solid\state imaging device. 

According to another aspect of the present 
invention, tn^re is provided a solid-state imaging device 
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having a gate structure including an oxide film and a 
ni trideNf ilm, including: upper layer films allowing 
ultraviolet: rays having a frequency of 400 nm or less to 
pass therethrough; and an organic film capable of 
absorbing the ultraviolet rays, the organic film being 
formed in such aNmanner as to cover a region of the gate 
structure including, an oxide film and a nitride film, 
excluding a light receiving portion and a transfer 
portion, of the solid-\tate imaging device. 

Wiuh these configurations, since the metal made 
shield film\pr the organic film capable of absorbing 
ultraviolet rays is provided to cover an MONOS gate 
structure regioit, excluding a light receiving portion and 
a transfer portioh, of the solid-state imaging device, it 
is possible to prevtent ultraviolet rays from entering the 
MONOS gate structured excluding the light receiving 
portion and transfer portion, for example, an output gate 
and a reset gate. As a result, it is possible to 
preventing the deterioration of the solid-state imaging 
device and hence to improve the reliability of the solid- 
state imaging device. \ 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a schematic view of a configuration of a 
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first embodiment of a solid-state imaging device 
according to the present invention; 

FIG. IB is a schematic sectional view taken on line 
A - A of FIG. 1A; 

FIG. 2 is a schematic sectional view of a 
configuration of a second embodiment of a solid-state 
imaging device according to the present invention; 

O 

%j FIG. 3A is a schematic sectional view of a 

fU configuration of a third embodiment of a solid-state 

^ imaging device according to the present invention; 

~ 4 FIG. 3B is a plan view of a second shield film of 

the solid-state imaging device shown in FIG. 3A; and 
-2 FIG. 4 is a schematic sectional view of a 

configuration of an essential portion of a related art 

solid-state imaging device. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Hereinafter, preferred embodiments of the present 
invention will be described with reference to the 
drawings . 

FIG. 1A is a schematic view of a configuration of a 
first embodiment of a solid-state imaging device of the 
present invention, and FIG. IB is a schematic sectional 
view taken on line A-A of FIG. 1A. 
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Referring to FIG. 1A, there is shown a first solid- 
state imaging device (CCD solid-state imaging device) 1 
as the first embodiment of the present invention, which 
is configured by forming, on a silicon substrate 11, an 
imaging region 14, a horizontal transfer register 15, an 
output portion 16, and a peripheral region 17. The 
imaging region 14 is composed of a plurality of 
photosensors 12 for photoelectric transfer, which are 
arranged in a matrix pattern, and a plurality of vertical 
transfer registers 13 each having a CCD structure, which 
correspond to a row of the photosensors 12 . The 
horizontal transfer register 15, which has a CCD 
structure, is formed at one end of the imaging region 14 
for transferring signal charges from the imaging region 
14 to the output portion 16. The output portion 16 is 
connected to the final stage of the horizontal transfer 
register 15. Bus lines and the like are formed in the 
peripheral region 17 . 

FIG. IB shows a schematic cross - sec tion of a 
configuration of a region (shown by line A-A of FIG. 1A) , 
extending from the output end of the horizontal transfer 
register 15 to the output portion 16, of the first solid- 
state imaging device 1. 

Referring to FIG. IB, a gate insulating film 20 
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having a stack structure of a silicon oxide film 21, a 
silicon nitride film 22, and a silicon oxide film 23 is 
formed on a silicon substrate 11. In the horizontal 
transfer register portion 15 of the solid-state imaging 
device 1, first transfer electrodes 31 made from 
polysilicon and second transfer electrodes 32 made from 
polysilicon are alternately formed on the gate insulating 
film 20. 

The output portion 16 is formed at the end of the 
horizontal transfer register portion 15. In this output 
portion 16, an output gate 41 and a reset gate 42 are 
formed on the gate insulating film 20. A floating 
diffusion portion (hereinafter, referred to as "FD 
portion") 43 is formed in a portion, between the output 
gate 41 and the reset gate 42, of the silicon substrate 
11. A reset drain 44 is formed in a portion, on the side 
opposed to the FD portion 43 with respect to the reset 
gate 42, of the silicon substrate 11. 

A planarization film 51 is formed on the silicon 
substrate 11 in such a manner as to cover the above- 
described elements. A FD electrode 45 connected to the FD 
portion 43, and a reset drain electrode 46 connected to 
the reset drain 44 are formed on the planarization film 
51. A first shield film 55 is formed on the planarization 

8 




film 51 in such a manner as to cover the horizontal 
transfer register 15. An insulating film 61 is formed on 
the planarization film 51 in such a manner as to cover 
the electrodes 45 and 46 and the first shield film 55. 
Each of the planarization film 51 and the insulating film 
61 is formed of a film allowing ultraviolet rays to pass 
therethrough . 

A second shield film 65 for shielding the MONOS 
gates (for example, the output gate 41 and the reset gate 
42) of the output portion 16 is formed on the insulating 
film 61 which has been formed to cover the FD electrode 
45, reset electrode 46, and first shield film 55. Each of 
the first and second shield films 55 and 56 is made from, 
for example, aluminum or an aluminum alloy. A protective 
film 71 is formed on the insulating film 61 in such a 
manner as to cover the second shield film 65. The 
protective film 71 is formed of a film allowing 
ultraviolet rays to pass therethrough. Accordingly, in 
the first solid-state imaging device 1, the upper layer 
films composed of the planarization film 51, insulating 
film 61, and protective film 71 are all formed of the 
films allowing ultraviolet rays to pass therethrough. 

In the first solid-state imaging device 1, since 
ultraviolet rays do not enter the MONOS gate portion by 
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the presence of the first and second shield films 55 and 
65, there does not occur the shift of a threshold voltage 
Vth. Here, a potential of the second shield film 65 may 
be fixed to the GND by connecting the second shield film 
65 via a plug 66 to the first shield film 55 for 
shielding the horizontal transfer register 15, or be kept 
in a floating state without forming the plug 66. 

Since the second shield film 65 as the metal made 
shield film is provided on a region of the MONOS gate 
structure (for example, the output gate 41 and reset gate 
42), excluding the light receiving portion and the 
transfer portion, of the first solid-state imaging device 
1, it is possible to prevent ultraviolet rays from 
entering the MONOS structure region (for example, the 
output gate 41 and reset gate 42) , excluding the light 
receiving portion and the transfer portion, of the first 
solid-state imaging device 1, and hence to prevent the 
shift of a threshold voltage Vth of the MONOS gates due 
to irradiation of ultraviolet rays. This makes it 
possible to prevent the deterioration of the solid-state 
imaging device. 

FIG. 2 is a schematic sectional view of a 
configuration of a second embodiment of the solid-state 
imaging device of the present invention. 
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\a second solid-state imaging device 2 as the second 
embodiment shown in FIG. 2 has the same basic 
configuration as that of the first solid-state imaging 
device 1 shown in FIGS. 1A and IB, except that an organic 
film for absorbing ultraviolet rays is used in place of 
the metal mad& shield film. The organic film may be made 
from a colored\resis t . Preferably, the colored resist has 
an ability of absorbing 95% or more of ultraviolet rays 
having a frequency of 400 nm or less. Further, the 
absorbance of the\organic film may be determined based on 
a combination of a material of an organic film and a film 
thickness. \ 

Next, a schematic configuration of a portion, 
extending from the output end of a horizontal transfer 
register to an output portion, of the second solid-state 
imaging device 2 will be described with reference to FIG. 
2 . 

Referring to FIG. 2, a gate insulating film 20 
having a stack structure of a silicon oxide film 21, a 
silicon nitride film 22, and a silicon oxide film 23 is 
formed on a silicon substrate 11. In a horizontal 
transfer register portion 15 of the solid-state imaging 
device 2, first transfer electrodes 31 made from 
polysilicon and second transfer electrodes 32 made from 
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polysilicon are alternately formed on the gate insulating 
film 20. 

An output portion 16 is formed at the end of the 
horizontal transfer register portion 15. In this output 
portion 16, an output gate 41 and a reset gate 42 are 
formed on the gate insulating film 20. A floating 
diffusion portion (hereinafter, referred to as "FD 
portion") 43 is formed in a portion, between the output 
gate 41 and the reset gate 42, of the silicon substrate 
11. A reset drain 44 is formed in a portion, on the side 
opposed to the FD portion 43 with respect to the reset 
gate 42, of the silicon substrate 11. 

A planarization film 51 is formed on the silicon 
substrate 11 in such a manner as to cover the above- 
described elements. A FD electrode 45 connected to the FD 
portion 43, and a reset drain electrode 46 connected to 
the reset drain 44 are formed on the planarization film 
51. The planarization film 51 is formed of a film 
allowing ultraviolet rays to pass therethrough. A first 
shield film 55 made from, for example, aluminum is formed 
on the planarization film 51 in such a manner as to cover 
the horizontal transfer register 15. A protective film 71 
is formed on the planarization film 51 in such a manner 
as to cover the FD electrode 45, reset electrode 46, and 
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first shield film 55. The protective film 71 is also 
formed of a film allowing ultraviolet rays to pass 
therethrough. Accordingly, in the second solid-state 
imaging device 2, the upper layer films composed of the 
planarization film 51 and protective film 71 are all 
formed of the films allowing ultraviolet rays to pass 
therethrough . 

A second shield film 67 for shielding MONOS gates 
(for example, output gate 41 and reset gate 42) of the 
output portion 16 is formed on the protective film 71. 
The second shield film 67 is formed of an organic film 
capable of absorbing ultraviolet rays. 

Since the second shield film 67 formed of the 
organic film capable of absorbing ultraviolet rays is 
provided on a region of the MONOS gate structure (for 
example, the output gate 41 and reset gate 42), excluding 
the light receiving portion and the transfer portion, of 
the second solid-state imaging device 2, it is possible 
to prevent ultraviolet rays from entering the MONOS gate 
structure region (for example, the output gate 41 and 
reset gate 42), excluding the light receiving portion and 
the transfer portion, of the second solid-state imaging 
device 2, and hence to prevent the shift of a threshold 
voltage Vth of the MONOS gates due to irradiation of 
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ultraviolet rays. This makes it possible to prevent the 
deterioration of the solid-state imaging device. 

Further, in the second solid-state imaging device 2, 
since the second shield film 67 formed over the FD 
portion 41 is the organic film having no electric 
conductivity, an increase in parasitic capacitance can be 
suppressed. By forming the second shield film 67 from a 
colored resist, it is possible to form an ultraviolet ray 
shielding structure capable of suppressing a parasitic 
capacitance without significantly increasing the number 
of production steps. 

FIG. 3A is a schematic sectional view of a 
configuration of a third embodiment of the solid-state 
imaging device according to the present invention, and 
FIG. 3B is a plan view of a second shield film of the 
solid-state imaging device shown in FIG. 3A. 

A third solid-state imaging device 3 as the third 
embodiment shown in FIG. 3A has the same basic 
configuration as that of the first solid-state imaging 
device 1 shown in FIGS. 1A and IB, except that a second 
shield film 65 has an opening 68 at a position directly 
over a FD portion 43. The size of the opening 68 formed 
in the second shield film 65 is set to be within such a 
range as not to allow light having passed through the 

14 



opening 68 to enter MONOS gates (for example, an output 
gate 41 and reset gate 42) . 

The third solid-state imaging device 3 includes the 
same components as those of the first solid-state imaging 
device 1 shown in FIGS. 1A and IB, excluding the second 
shield film 65. That is to say, a gate insulating film 20 
having a stack structure of a silicon oxide film 21, a 
silicon nitride film 22, and a silicon oxide film 23 is 
formed on a silicon substrate 11. In a horizontal 
transfer register portion 15 of the third solid-state 
imaging device 3, first transfer electrodes 31 made from 
polysilicon and second transfer electrodes 32 made from 
polysilicon are alternately formed on the gate insulating 
film 20. An output portion 16 is formed at the end of the 
horizontal transfer register portion 15. In this output 
portion 16, an output gate 41 and a reset gate 42 are 
formed on the gate insulating film 20. A FD portion 43 is 
formed in a portion, between the output gate 41 and the 
reset gate 42, of the silicon substrate 11. A reset drain 
44 is formed in a portion, on the side opposed to the FD 
portion 43 with respect to the reset gate 42, of the 
silicon substrate 11. A planari zat ion film 51 is formed 
on the silicon substrate 11. A FD electrode 45 connected 
to the FD portion 43, and a reset drain electrode 46 
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connected to the reset drain 44 are formed on the 
planarization film 51. A first shield film 55 is formed 
on the planarization film 51, and an insulating film 61 
is formed on the planarization film 51. A second shield 
film 65 is formed on the insulating film 61. The first 
shield film 55 is connected to the second shield film 65 
via a plug 66. A protective film 71 is formed on the 
insulating film 61. In addition, the upper layer films 
composed of the planarization film 51, insulating film 61, 
and protective film 71 are all formed of the films 
allowing ultraviolet rays to pass therethrough. 



the opening 68 is formed in the second shield film 65, 
the parasitic capacitance at the FD portion 43 is made 
small as compared with the first solid-state imaging 
device 1 shown in FIGS. 1A and IB, with a result that the 
reduction in photoelectric transfer efficiency is 
suppressed . 



invention have been described using the specific terms, 
such description is for illustrative purposes only, and 
it is to be understood that changes and variations may be 
made without departing from the spirit or scope of the 
following claims. 



In the third solid-state imaging device 3, since 



While the preferred 



embodiments of the present 
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